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ABSTRACT

The SAM Contourator, model B, was used to evaluate dimensional changes of the
residual ridge mucosa following the extraction of the maxillary second molar on two
subjects. An electronic curve-following device was employed to measure the changes
in mucosal topography. The combined contourator - curve-follower error was deter-
mined and found to be area dependent. The mesial migration of the maxillary third
molar after the extraction of the adj .~ent maxillary molar had little effect on contour
changes in the vertical plane. In the horizontal plane, however, movement of the
adjacent molar into the extraction site reduced the loss in residual ridge topography.

This technical documentary report has been reviewed and is approved.
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SURFACE CONTOUR CHANGES AFTER TOOTH EXTRACTION

1. INTRODUCTION

The study of contour changes of the alveolar
process following tooth extraction, alveolectomy,
ridge extension, and other surgical procedures
is of vital importance to the oral surgeon since
such data are basic to the development of im-
proved technics in oral surgery. Reliable re-
search on this phase of oral surgery has been
impeded because of the time and the complicat-
ed procedures required for recording and
measuring topographic changes of the oral
mucosa during transition from alveolar to
residual ridges. The dimensional behavior of
the maxillary residual ridges has been studied
under conditions wherein anterior teeth are
extracted and a full or partial immediate
denture is inserted. Lisowski (1) studied the
effect of removing varying amounts of bone
during an alveolectomy on alveolar ridge re-

Received for publication on 4 D ber 1962.

sorption under immediate dentures. He re-
ported that radical surgical alterations of the
alveolar process during tooth extraction re-
sulted in extensive resorption of the ridges
under immediate dentures. Lam (2) found
that the rate of topographic changes of the
residual ridges reached peak activity within
3 to 4 weeks after tooth extraction. He re-
ported that maxillary anterior ridges main-
tained their shape under relined partial
dentures after the fifth month following tooth
extraction.

More recently Szmyd and co-workers (3)
conducted studies on the dimensional behavior
of residual ridge topography following the ex-
traction of maxillary posterior teeth. They
measured contour changes for 3 to 6 months
prior to the insertion of immediate full dentures
and for a total time of 300 days after tooth
extraction. They noted that the progressive

FIGURE 1
SAM Contourator, model B.
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loss in residual ridge area was still evident at
the postextraction time of 300 days.

This paper presents additional findings on
the topographic changes of the oral mucosa
after tooth extraction. Also presented is the
use of a curve-following device to facilitate the
task of measuring contour changes of the
alveolar ridges.

2. METHOD

The SAM Contourator, model B (fig. 1),
was used to evaluate dimensioiial changes of
the residual ridge mucosa following tooth ex-
traction (3). In the present investigation, the
method for studying the dimensional behavior
of the oral mucosa was modified in that the
planimeter was not used to measure contour
changes. An electronic curve-following device
was employed to scan the area encompassed

by the topographic contours and express the
readout obtained in predetermined square units
(tigs. 2 and 3). The curve-following device
translates the X-Y components of the topo-
graphic contours into an analog voltage. This
voltage is sent into the analog computer where
the signal is electronically integrated. The
integral of this analog voltage represents the
area of the surface contour. A detailed de-
scription of the curve-following equipment and
the method of operation is available (4, 5).

Mucosal surface contours were recorded by
means of tracings taken on dental casts. To
obviate variations in the technic for making
impressions and dental casts, we standardized
the use of dental materials, impression trays,
and temperatures and procedures in measuring,
mixing, and timing. An index, constructed
from the hard palate area and cusp tips of
the remaining teeth, was employed to mount
successive dental casts in an identical position.

FIGURE 8
Analog computer.



Surface contours were magnified, pantographi-
cally, and scribed on stabiline paper. The
pantographic device produced an area magni-
fication of 9.3232. A photographic enlarger
was employed to magnify the surface contours
which had been scribed on the stabiline paper,
The photographic apparatus produced an area
magnification of 17.7658. After these enlarge-
ments were printed, a variplotter-functional
generator, in conjunction with the analog
computer,! was employed to measure the topo-
graphic changes of the alveolar ridges. An ad-
justment factor of 0.0060375 was employed to
correct for the total area magnification pro-
duced by the pantographic device and by the
photographic enlarger,

Analysis of procedural errors

The combined contourator-planimeter error
for measuring surface contour changes was
analyzed and presented in a previous com-
munication (3). A study was conducted to
estimate the combined contourator—curve-
follower error for measuring topographic
changes. The same contour tracings used in
the previous study were also employed in the
present experiment. These contour tracings
had been made from three forms with different
areas. Each of three operators made five con-
tour tracings on each of three forms. The
45 areas represented by these tracings were
enlarged, photographically, and measured by
the curve-following apparatus.

Linear contour changes

The linear rate and distribution of the re-
sorptive process, after tooth extraction, was
also determined from the enlarged contour
tracings which have been scribed on the
stabiline paper. The landmarks used to study
dimensional changes of the residual ridges in
the vertical and horizontal planes are illustrated
in figure 4. Calipers, graduated to 0.1 mm.,
were used to make these linear measurements.

Determination of surface contour changes
in the vertical plane “1” was made by measur-

Variplotter, model 1100E. Functional generator, model 2.040.
Analog computer, model 231R. Pace Electronic Associates, Inc..
Long Branch, N. J.
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MEASUREMENTS IN THE VERTICAL
AND HORIZONTAL PLANES

Cemento-enamel
Junction

FIGURE 4

Landmarks for linear measurements.

ing the distance between a line, “C-C,” tangent
to the crest of the maxillary residual ridge and
a second on a reference line, “A-A,” drawn
between the cemento-enamel junction on the
buccal and lingual surfaces of the tooth to be
extracted (fig. 4).

Measurement in the horizontal plane “2”
was made along a line, “B-B,” drawn parallel
to, and 4.257 mm. below the reference line,
“A-A” (fig. 4). Determinations were made
between the two points at which reference line
“B-B” intersects the contour tracings of the
residual ridge on the buccal and lingual sur-
faces.

An adjustment factor of 0.3275 was em-
ployed to correct for the linear magnification
produced by the pantographic device.

Tooth migration

Since the dimensional behavior of residual
ridge topography may be altered by the move-
ment of an adjacent tooth into the extraction
site, the rate of mesial migration of the maxil-
lary third molar following the extraction of
the adjacent second molar was determ’ned.
The contourator was used to draw a reference
line on all of the dental casts in this study.
Calipers, graduated to 0.1 mm., were employed
to measure tooth migration. Measurements
were made on the dental casts at the crest of
the alveolar ridge between this reference line
and the cemento-enamel junction on the mesial
surface on the third molar.



3. CONTOURATOR STUDIES OF THE
MAXILLARY SECOND MOLAR AREA

Two subjects were used in a study to meas-
ure changes in the residual ridge topography
following the extraction of a single tooth.

The gingival tissues around the tooth
scheduled for extraction were examined for
color, texture, consistency, position, and
physiologic form and were found to be within
normal limits. No periapical pathology was
noted in the roentgenograms. The rate of
linear and area contour changes of the residual
ridge topography was determined. The surface
contours, scribed on stabiline paper, were
traced and photographed.

Case 1. The subject was a 28-year-old male requir-
ing the extraction of the maxillary right second molar.
Oral examination revealed that all other posterior teeth
were missing.

Case 2. The subject was a 26-year-old male requir-
ing extraction of the maxillary left second molar. Oral
examination revealed that only the mandibular left
first and third molars were missing. The rate of mesial
migration of the maxillary third molar was determined.

4. RESULTS AND DISCUSSION

The rate at which topographic changes of
the residual ridge occurred in cases 1 and 2 is
presented in figure 5. The progressive loss in
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FIGURE §
Rate of topographic change.

residual ridge area in case 1 was reversed in
case 2 because the maxillary third molar
migrated toward the extraction site.

The. combined contourator-planimeter error
for the SAM Contourator, model B, varied from
1.32% for an area of 62.29 mm.?, and 0.77%
for an area of 142.81 mm.2, to 0.40% for an
area of 25295 mm.2 The combined con-
tourator — curve-follower error was determined
by using the same contour tracing used to
determine the combined contourator-planimeter
error. The adjusted means and standard
deviations, determined from the analog meas-
urements of the tracings, are given in table i.

TABLE 1

Analysis of measurements

Model
1 2 3
Number of tracings 15 15 15
Mean (mm.2) 62.31 141.62 | 253.22
Standard deviation (mm.?) .60 1.20 1.31
Coefficient of variation (%) 97 84 .52

Unadjusted means and standard errors were
used to determine the coefficient of variation.
The standard deviation reflects errors in con-
tourator tracings, photographic enlargements,
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and curve-follower measurements. Examina-
tion of the coefficient of variation indicates
that the contourator - curve-follower error is
related to the size of the area under investiga-
tion.

The rate of linear change of the residual
ridge topography is presented in figures 6
and 7. The topographic changes of the oral
mucosa in the vertical plane were similar for
the two cases under investigation. The mesial
migration of the third molar in case 2 reduced
the rate of loss of the residual ridge topography
in the horizontal plane.

The rate of change in surface contours for
both subjects is illustrated in figures 8 and 9.

Here, again, it is evident that the mesial migra-
tion of the third molar had little effect on
contour changes in the vertical plane. In the
horizontal plane, however, movement of the
adjacent molar into the extraction site reduced
the loss in residual ridge topography.

The rate of mesial migration of the maxil-
lary third molar is presented in figure 10. The
distal marginal ridge of the maxillary third
molar engaged the mesial marginal ridge of
the mandibular second molar during a portion
of the postextraction observation period, and
temporarily interrupted the mesial migration
of the maxillary third molar into the extraction
gite.

REFERENCES

1. Lisowski, C. S. A comparative study of the re-
sorption of the alveolar ridge tissues under
immediate dentures. Master's degree thesis,
Northwestern University, Chicago, Ill., 1945.

2, Lam, R. V. Contour changes of the alveolar proc-
ess following extractions. J. Pros. Dent. 10:26-
32 (1960).

3. Szmyd, L., C. F. Schuessler, A. A. Brewer, and
C. M. McCall, Jr. SAM Contourator, model B—
An instrument for measuring changes of surface
contours. SAM-TDR-62-93, Aug. 1962,

4, Jackson, A. S. Analog computation, New York:

McGraw-Hill, 1960.

5. Function generator kit 17-18E. Pace Electronic
Associates, Inc., Long Branch, N. J.



and curve-follower measurements. Examina-
tion of the coefficient of variation indicates
that the contourator — curve-follower error is
related to the size of the area under investiga-
tion.

The rate of linear change of the residual
ridge topography is presented in figures 6
and 7. The topographic changes of the oral
muccsa in the vertical plane were similar for
the two cases under investigation. The mesial
migration of the third molar in case 2 reduced
the rate of loss of the residual ridge topography
in the horizontal plane.

The rate of change in surface contours for
both subjects is illustrated in figures 8 and 9.

Here, again, it is evident that the mesial migra-
tion of the third molar had little effect on
contour changes in the vertical plane. In the
horizontal plane, however, movement of the
adjacent molar into the extraction site reduced
the loas iu residual ridge topography.

The rate of mesial migration of the maxil-
lary third molar is presented in figure 10. The
distal marginal ridge of the maxillary third
molar engaged the mesial marginal ridge of
the mandibular second molar during a portion
of the postextraction observation period, and
temporarily interrupted the mesial migration
of the maxillary third molar into the extraction
site.

REFERENCES

1. Lisowski, C. S. A comparative study of the re-
sorption of the alveolar ridge tissues under
immediate dentures. Master’s degree thesis,
Northwestern University, Chicago, Ill., 1945.

2. Lam, R. V. Contour changes of the alveolar proc-
ess following extractions. J. Pros. Dent. 10:25-
32 (1960).

3. Szmyd, L., C. F. Schuessler, A, A. Brewer, and
C. M. McCall, Jr. SAM Contourator, model B—
An instrument for measuring changes of surface
contours. SAM-TDR-62-93, Aug. 1962.

4. Jackson, A. S. Analog computation. New York:

McGraw-Hill, 1960.

6. Function generator kit 17-18E. Pace Electronic
Associates, Inc., Long Branch, N, J.



U303 VILSV Ul

209SLL ASBL DSV -~

{njuap ‘snjeaeddy
g 1PpoK

‘WVYS ‘103eanojuo)
[®d0 ‘A123ang

uonRNIe> VILSY Ul

Z09SLL MS®L OSAV

[s3uap ‘snyvaeddy
b 1PPON

‘WS ‘J0j1n03uo))
[w0 ‘A1a31ng

11
‘11
I

‘t

-

Rt
I
1
‘e
K4
T

O

3q 03 PUNO} pu® PaULULINIP SBM JOIId IIMO[[0F-IAIND
~ 3038IN0JUOCD paulquwod 3y -Aydeidodoi [esoonwt
ur saduey> ayj auanseawr 0} pasojduwid sem 1A
BuImo[[0J-3AIND JIU0IIII[d UY °S3d3(QNS OM] UO IB[OWL
puodes AJejixew ayj jo uonoeiixa sy Iuimojjoy
BSOINW 3Pl [enpisea 3yl Jo soBueyd jeuolsudwip
28N[BAS 0) PISN SEM ‘g [3poWl ‘10jBaNOIU0]) WVS YL

Moday patpissepun

'sjo1 g ‘a[qey “snyp ‘poul
dd 5 g9 1B  "NOLLOVYLXA HLOOL ddLJV
SAONVHD 4Q0LNOD AIVIUANS '91-€9-HAL-KVS

‘Xa] ‘aseq
AV syooirg ‘suipajy adedsolay Jo [ooyd>S JVS)

3q 03 PUNO} PUB PIUIWLINIP SBM 10113 IIMO[[0F-IAIND
— 10j8IN0jU0d pautquod ayJ], -Aydeidodoy jesodnw
ul sadueyd ayj aunsedwr 03 pakojdwd sem AP
w::so:ou-w?za 21U01309[d UY '§303(qns om3} uo Igjow
puodas AJe([IXBUL aYyj JO UONDBIIXdD Y3 Iuimoj[o}
®vsOdnJI AJPU [enpisod 3y} Jo sadueyd [euolSUIWIP
2JBO[BAD 0] PISN SBm ‘g [apOW ‘10j8IN0IUC) KVS YL

j10day paijisseun)
'sjal g ‘a[qey “sny(1 "[oul

dd ‘g9 Il "NOILOVYILXH HIOOL YALAVY
SADNVHD 41OLNOD HOVAUNS "ITE-YAL-WVS

‘X3, ‘oseq
AV syoolrg ‘suldnpoly 2wedsordy jo [00Yyd§ JVS

uo13231102 VILSY Y *

‘"M ‘a9Isel

h.wh .‘.ﬁENw -

209SLL MselL OSIV

[BIudp ‘snjereddy -

f [3PO

‘WVS ‘1038In03U0)
(810 ‘A13d1ng -

U030 YILSVY uf -

‘g "M 19ISeH

s;‘H »‘»ﬁENm .
GO9SLL s8], OSJV °

1ejuap ‘snjereddy

d 1PPON
‘WVS ‘103vInojuoc)

[e10 ‘A1ddang *

O

3Q 03 PUNO} puv PIUTWLIANBP SBM J0I1d JIMO[[OJ-IAIND
— J03BINOIUOD paulquiod Y] ‘Aydeirdodoy [esodonw
ul sa3dueyd Jyj InsdW 0} pasojdwd sBM AP
Juimoqjoy-aaina dIUOIIII[d Uy ‘s3dafqns om3 uo Jejow
pucdIsS Arejjixvuwl Y3 JO UOOBIIXI Y} Burmo[[oj
vsoonw 3Fply [enptsar ay3 jo sagueyd [BUOISUIUIIP
218N[BAS 0] PISN §BA ‘g [9poW ‘103BINOIUCY WVS Y]

Joday payyissepur)

'$J31 g 2q®) “snyp1 “Puy
'dd ) ‘g9 I NOLLOVYLXT HLOOL WALIY
SIHONVHO 4NOLNOD ADVIUNS 91-£9-4AL-WVS

"XaJ, ‘oseg
AV syooig ‘ounIpaly 20vdsoldy Jo [00yd§ JVSN

3q 0} PUNO} PUB PAULULIBIBP SBM J0JI3 JIMO[[O]-BAIND
— 1038IN0JU0d paulquod ay], -Aydeidodo) (esodnwm
ut sa3ueyd> 3Yyj 3insvaw o) pafojdwa seMm 3J1AIP
BUIMO[[0J-3AIND DIUOIIIDP UY "5123[qNS OM) UO J8[OW
puodds Ase[[ixewl 3y3 Jo uondvAIXe Yy Iuimojjoj
BsoonwW 3Jpll [¥NpPIsal 3y} Jo sIBurYd [BUOISUIWIP
338N[BA2 0) PISN SBA ‘g [9pOoW ‘103BIN0IUC) K VS YL

jioday pealissepup)
'§}34 g '3jqey “sn[t ‘pPul

dd 4 ‘g9 e "NOILOVYLXHA HLOOL dALAV
SADNVHO HNO.LNOJD dOVAUNS "91-¢9-YALKVS

‘XaJ, ‘aseq
AV sjooig ‘aumdipajy adedsolay Jo [0oya§ JVSN




‘Lydwaldodoy
2dpll [enpisal ul SSO[ ay) padnpal s UoLIBIY
-Xd 9y} ojul Jejowl juddelpe Iyl JO uUIWSAOW ‘IIAD
-xmoy ‘sue[d [wjuozlioy ay3 uy ‘aue(d [Bd1343a Y3 Ul
sagueyd Inojuo> uo 333J§a 1| peYy Ivjow SievjliXew
JuadEB(pPE 3Y] JO UOIIBIIXI Y} 1d3je Jejouwr pAly) Axm]
-[IXBW 9y} JO UOUBAIIWL [RISIW BYJ, ‘judpuadsp ealw

*Aydeadodoy
aSptx {enpisail up SSO[ 9y} Padnpal NS UoIEI}
-X3 3y} ojul asjowr JuddE(pE Y3 jo JUIWIAOWL ‘TN
-moy ‘asuwjd [eju0ZLIOY 2Y3j U] -ue{d [€21319A Y3 Ul
¥23uvyd INoju0d o 3031Jd 3| pey rejow Areixew
juade{pe Y1 JO UOIIBIIXI Y} 191J® LE[ow pIIyd Axe|
-[Ixew ayj Jo uonea3ruwt [BISAW AY]J, -juapuadap eale

-fydeasodoy
a8pu [enpisal ul §50{ Yl PIINPIL AUS uoijdrel)
-Xa ay} OjUl Je[ouwl JuUIIB(pE Y} JO JuUBUWIACW ‘13A9
-moy ‘asueld [BjUOZLIOY 3y} U] -aue(d [BIIIA Y] Ul
sa3uvyd INojuod uo 123§§3 AN pey 1sow Liejjixsw
Jua0B(pe 3y} JO UOIIBIIXI Yy I3 e 1evjowd paiy) Laeg
-[IXew 3yl Jo uolyBAIIw jelsaus Yl -yuspuadap waiw

‘Aydweadodoy
a8pu jEnpisal ul §sO0] Y} pampar As uoIvI]
-X3 3y} ojul Jsjow juadelpe ayy jo JusdwIBAOUW “IJAD
-moy ‘oue|d [ejuozuioy ay) uf ‘auw(d [8I1343A Y3 ul
so8uryd INOJUOD U0 D3I I pBY Je[ow Lreq[ixews
Juade(pe 3y} JO WOMIBIIXI AY) 138 Jv[oWw pIIY) Axw
-[Ixeul 3yY3 Jo uonjwidiw [wisaw Y] -juapuadap vale



